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Some seeds fail to germinate in compensating percentages or

even at all when placed under ordinary germination conditions.

Because of inquiries directed to this laboratory from various

growers concerning the best methods of handling juniper seeds,
r

there was conducted a careful study of after-ripenings germination,

and seedling development, as well as some of the chemical and

physiological changes involved in these processes. Strict quaran-

tine laws, recently put into effect, will mean that many species of

decorative plants that were formerly grown from seeds in foreign

countries and brought to America as plants, must now be grown

from seeds by American nurserymen. This will doubtless promote

study of the germinative behavior of many refractory seeds in the

future.

Literature

Wild plants of the temperate zone produce seeds that usually

have a rest period, which varies as to length and cause with the

different species and kinds of seeds. This dormancy is found to

be characteristic of the seeds of 75 per cent of the wild and the

cultivated plants studied by Howard (18). Although the rest

period of most seeds is only a few months, it may be years, as in

the case of some Conifers (21) and of Euphorbia Cyparissias (19)-

Crocker (5) states that delayed germination is due to one or more

of the following conditions : (i) rudimentary embryo, (2) dormant

embryo, (3) coats inhibiting embryo expansion, (4) coats inhibiting

gas exchange, (5) coats inhibiting water absorption, (6) a combina-

tion of two or more of these, and (7) secondary dormancy. Up

to date seeds have been studied that represent each of these differ-

ent types of dormancy.
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As it has been impossible to dispense with this rest period in all

cases^ many substances have been used to reduce dormancy and
force seeds to germinate. Concentrated sulphuric acid has been
used by Hiltner and Kinzel (17), Rostrup (32), and others with

positive results. Among the salts Rose (31) noted that the sul-

phates and nitrates were the better forcing agents. Hydrogen
peroxide and increased oxygen pressure forced the germination of

Xanlhium seeds (5). Wounding and treatment with ether stimu-

lated the germination process (3). Light has been found to force or to

inhibit germination depending on the seed (12, 20). The NewYork
Experiment Station (24) and many others have shown that desic-

cation improves the germinating power of corn. The hot bath

has been used with success on some seeds (4). Alternating tem-

peratures have been used to force grass seeds in the Seed-testing

Laboratories of the Bureau of Plant Industry. With these much
has been claimed for freezing and thawing as a forcing agent (29).

Lakon (21), however, found that the germination of Pinus Pence

^

P. Cevihra^ P, Strobus, and P. silveslris could not be accelerated

by treatment with dry heat, warm bath, file injury, ether, chloro-

form, salt solutions, concentrated sulphuric, or dilute acids.

Seeds with dormant embryos must go through a series of changes

(after-ripening) before germination can occur ($). The after-

ripening of hawthorn seeds proceeds fastest at 5-6° C* according to

Davis and Rose (8). An idea of this after-ripening process may
be gained by following the results of Lakon on a protein and

EcKERSON (loj on a fatty seed. Lakon (22), in studying the

changes that precede germination of Fraxinus excelsior, found

ver>^ little increase in water absorption. From the tenth day on,

starch accumulated in the embryo cells, with a corresponding dis-

appearance of protein from the endosperm cells. In place of the

disappearing protein a turbid emulsion formed, which later was

digested. At no time did starch appear in these endosperm cells.

The embryo doubled its length during this process of *' Vorkeimung/'

EcKERsoN (10) studied the changes occurring in the hawthorn

seed during after-ripening, and reported an increasing acidity

and water absorbing power of the dormant organ. The catalase,

peroxidase, and oxidase activity increased as after-ripening and
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germination proceeded. Germination was accompanied by a

decrease of stored fats and an increase of sugar. Although the

details varied somewhat^ both seeds passed through a period of

preparation for germination.

Material and preliminary study

The Junipertis plants are erect or prostrate dioecious Cupresseae

distributed over the Northern Hemisphere, They are used in

landscape decoration, serving as hedges and screens up to 30 ft.

high. In early spring the flowers appear in the leaf axils, forming

many carpel whorls, of which only the upper one develops. This

whorl bears 3 ovules, which grow together and form a spherical

fruit, which requires two years to ripen, and contains 1-3 seeds.

J-

J.

J*

J.

J-

J.

J-

J-

J.

TABLE I

Material secured

Species

virginiana L
c. depressa Pursh.
communis L
prostrata Pres. . .

,

virginiana L
communis L
virginiana L
communis L. . . .

.

virginana L ,

November 11, 1918
January r

,

January i,

January i,

January i,

April 19,

April 19,

September 19,

September 19,

1919
IQ19

1919
1919
1919
1919
191Q
T919

Place

West Newberry, Massachusetts
Boxford, Massachusetts
Vermont
Vermont
Vermont
Near Chicago, Illinois

Near Chicago, Illinois

Near Chicago, Illinois

Near Chicago, Illinois

Juniperus seeds were gathered in the fruit condition, and those

used in these experiments were collected as stated in table I.

The seeds freed from the fruit vary with the species as to color,

shape, size, and quality. Those of /. virginiana are light brown ^

smooth, brittle, 3-4 mm. long, and w^hen air-dry weigh about

0.009 gm. each. Seeds of /. c. depressa^ J. communis ^ and J. pro-

strata are much alike. These seeds are dark amber, rough, 4-6 mm.
long, narrower and less brittle than those of /. virginiana. Some
of the /. virginiana material proved to be badly worm eaten, while

the other lots were quite free from worms. Seeds collected in

Vermont were generally good. Table II gives the percentage of

bad seeds due to worms and lack of development.
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J

structure of the seed of

membranes
; layers. In strong contrast with

the hard brown coat are the clear white endosperm and embryo.
The hard coat consists of three layers: the outer fleshy (a), the

stony (b), and the heavy inner fleshy (c). In the outer fleshy

layer are found pectic substances and methyl pentosans. The
stony layer is lignified and contains other substances, as calcium,

pectates, and pentoses. The

little cellulose. Of the endosperm,

mner

some

mass

(/)

mwall (k). the endosoerm Cf), and the embrv

TABLE II

Percentage of imperfect seeds in lots i, 3, 4, and 5

Species

J. virginiana
,

J. virginiana

J, virginiana

J. virginiana

J. communis.
J, prostrata

J. virginiana

No. examined Percentage imperfect

100

100
2000

59
63
6i

60
1000 26

1000 20

2000 22.5

The nucellus is constructed of long narrow cells which give tests for

cellulose and pectic acid. The mass of tissue (e) protecting the

hypocotyl consists of cellulose, pectic substances, and some other

groups of substances such as fats and gums. Between this mass

and the hypocotyl is a cap of very fine and firm cells (i), which are

made up of cellulose and hemicellulose. The megaspore mem-
brane

(J) is very thin and stains with ruthenium red. Examination

shows that the outer wall of the outer layer of endosperm cells

has been developed into a suberin wall (k) . This wall is insoluble in

concentrated H;,S04, 50 per cent chromic acid, and gives the phellic

acid reaction. The endosperm cell walls are rather thick and

made up of cellulose. Cell walls of the embryo are thin and con-

sist of pectose and cellulose.
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The storage substances of the resting seed are mentioned here,

but they are later taken up in detail with the changes accompany-

ing germination. Tannin is generally distributed throughout the

coat. Some is stored in the

nucellus, endosperm wall, and

hypocotyl cap, but none was

found in the endosperm or em-

bryo. The embryo and endo-

sperm are stored with an abund-

ance of protein and fat, and also

a trace of glucose. No starch

was found in either endosperm

or embryo. Histidine, tyrosine,

and arginine are found in both

endosperm and embryo. There

is also a trace of leucine and

probably cystine.

em
bryo and erm is low.

while that of the coat is negli-

gible. The seed shows oeroxi-

mere

of oxidase activity.

mbryo

Fig. I. —Longitudinal section of seed of

Juniperus virginiana with part of nucellus

and integument removed from one side:

a, outer fleshy; 6, stony; c, inner fleshy;

dy nucellus; e, distorted tissue; /, hypo-
a Ph value of about 8, while the cotyl cap;' i/ protective cap; J mega-

rm has a P^r value of spore membrane; ky endosperm wall;

about 5. Thus the embryo is
g, endosperm; A, embryo

basic, while the endosperm is acid, a condition opposite to that

usually found in seeds which are ready for germination.

Treatment of material

After collection the larger part of the fruit or berry was removed

from the seed by running the berries through a coffee mill so wide

open as not to injure the seed. Next the seeds were sifted and

the milling and sifting repeated- The seed material was then

rubbed between two sieves in the presence of an abundance of

.cater. In this way all the berry and excess tissues which prevent
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yfeterilization were easily and quickly removed. The bad seeds were
/ floated off with water, and the good seeds rinsed and permitted to

dry before sterilization.

some testing, a cr per cent solution of formal

minutes

seeds. It was found that formalin did not readily penetrate the

coat, reduce the catalase activity^ or hinder

permeability of the coat was studied as follow

germination The

Seeds were sub-

time, remov
m distilled water, the coats removed, the seeds sectioned with a

microtome

tions. permeable

permeable

TABLE III

STAINS, ACIDS, BASES, FORMALIN, AND

Substance

Eosin (dilute)

Eosin (strong) .....
Neutral red (dilute)

.

Neutral red (strong)
Formalin.

.

.

HClN/ioo...
H.SO4N/X00 ....;;

Permeability

Impermeable
Impermeable
Impermeable
Impermeable
Slowly permeable
Very impermeable
Very impermeable

Substance

Water
CaHsOH
NaOH
KOH
NH4OH
AgNO,
HgCl.

Permeability

Very permeable
Very permeable
Very permeable
Permeable
Permeable
Very permeable
Very permeable

+

That the salts (AgNOj and HgClJ penetrated the coats is

shown by the catalase activity of the seeds with coats remov^ed

(table IV). These seeds, after being sterilized, washed, and incu-

bated at 9** C. for 48 hours, had coats removed, and were ground

for catalase activity determinations. It was further shown that

AgN03 penetrated the coats by the fact that seeds so treated were

killed. Seeds sterilized in formalin germinated, and therefore most

of the seeds used in these experiments were sterilized 2
.

5 minutes

in 5 per cent formalin. In this connection it should be noted that

ScHROEDER(33) and Groves (14) found that the coat of the wheat

seed was practically impermeable to AgN03, and that this solution

was a good sterilizing agent for wheat. This shows how the per-

meability of seed coats may vary with different seeds.
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For some experiments the seeds were freed from t

inhibiting influence of the hard coats by one of the thr

treatments: (i) dry seeds were Dut into concentrated H

24 hours to entirely carbonize the coat;

quired

carbonized

the

CaCOj and distilled water;

seed nippers; (3) in other

was cut away. The sterile

removed

periments

mouthed

germination. Those cultures

TABLE lY

EFFECT OF STEBILIZING AGENTSON CATALASE ACTIVITY OF SEEDS, TREATED
2 MINUTES (40 SEED COATSREMOVED)

Sterilizing agents

Water (check)

Water (check)

Formalin 5 per cent
Formalin 5 per cent

AgNOj 2 per cent .

.

AgNOj 2 per cent .

.

HgCla I per cent . .

.

HgCla I per cent. .

.

I mm.

9.0
8.9
8.5
8.8
3.0
3.1
4.0
4.1

5 mm

20.0
19.0
21.0
21.2

6.0
6.4

II. 2

10,0

0X\GEN IX CO. LIBERATED DURING

10 mm.

24.3
24.0
24.8
24.4
8.0
8.1

13.0
II. 8

which required good ventilation were protected against infection

by a system of tubes plugged with cotton. The seeds were left on

the moist walls of the containers or on moist filter paper, depend-

ing upon the conditions of the experiments. In the determinatioa

of the effect of solutions as forcing agents, no foreign absorbing

material was allowed in the flasks with the seeds. In all other

cases, except where mentioned, the seeds were placed on moist

filter paper.

Forcing agents

The change of the catalase activity and the ability of the seeds

to germinate were used as standards to determine whether or not

the substance or treatment under examination was a forcing agent

for the juniper seed.
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Methods ?en shown that c

dormant-embr\

activity was chosen as the first standard. Germination, the

tion of independent seedlings, was selected as the final st

mam
the preparation of material and

As the berry has a

high catalase activity, every trace of fruit was removed
grinding similar

amount

material N/io NaOH

V

at the time of using. All determinations were made with the

bath at 25^ C, and the drive wheel of the apparatus regulated to

make 30 revolutions per ic

germination as a standard.

No explanation is needed for

Forcing agents. —̂Among the common
the juniper seeds were high temperatures^ alternating tempera

remo\

dioxide, light, soil, mercuric chloride, ether, and oxygen. The
first seven of these had ver}' little effect on the catalase acti\ity

v:

and did not force germination. While the treatments with mercuric

chloride, ether, and oxygen did not force germination, each had its

influence upon catalase activity.

Crocker and Harrington, in an unpublished work at the Seed-

testing Laboratories of the Bureau of Plant Industry, have found

HgCl Johnson grass. J
seeds were sterilized and put into flasks containing the following

concentrations of HgCl,. After 24 hours the excess of liquid was

poured off. The results are given in table V. These data, as

well as those obtained by grinding the seeds for catalase activity

in the same concentrations, show that HgCI^ reduced catalase

activity in the higher concentrations. None of the seeds treated

with HgCl^ germinated.

In stud vine the effect of ether, seeds were sterilized, put into

ithout covers, and exposed

m After a certain exposure

removed, aired, and placed to germinate. Table VI

lase activity for seeds that were exposed to ether
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germinator C. Seeds

xposed

marked ca1

lc increased

sr amounts

The point to be noted in table VI

Of added interest is the fact that there

TABLE V

CaTALASE activity of seeds treated 95 DAYS WITH HgCls SOLUTIONS AND
PERCENTAGEOF GERMINATION 6 MONTHS

Concentration of HgCL used

N/800
N/1600
N/3200
N/6400
N/12800
N/25600
N/si2oo
N/102400. ..

.

Water (check)

I nun.

1.6

1-3

2-5
3-0
3.0
3.2
2.9
2.8

Oxygen in cc. LiBERAr£D during

1

5 min.

2.3

3 ,0

3 ,1

3 5

4 ,0

4 .5

$ ,0

s. •5

5. •S

10 mm

2-9

3-4
3-9
4.0
4.6
5.0
5.9
6.2
6.0

TABLE VI

CATALASE ACTIVITY

Amount of ether per q liters
or AIR

1.4 CC

2.8 cc

5-6 cc

8.4 cc. . . . ,

16.8 cc
Without ether (check)

Oxygen in cc. liberated during

I min

2.9

3-5
4.8
50
5.6
2.8

5 mm

6.0
7.8

10.

o

TO.

5

II.

o

5-5

10 mm,

6.1

8-4
10.9
II.

o

6.0

germination may
enormous

dormant embryo

To study the effect of oxygen, seeds were sterilized and exposed

to air containing the following percentages of oxygen. Table VII

gives the catalase activity for seeds at the end of 45 days. With

the higher percentage of oxygen there was an increase of catalase
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activity. At the forty-fifth day the remaining seeds were exposed

atmosph Table VIII gives the catalase activity for the

same lot of seeds at the end of 95 days, 50 days after replacing the

oxygen by air. The point of interest here is the fall in catalase

TABLE VII

Effect of oxygen on catalase activity of seeds stored

45 DAYS AT 25** C.

Percentage of
OXYGEN

!

Lot
4

Oxygen in cc. liberated during
t

I min. S min. 10 mm.
•

30 I

2

3
4

2-S
3-4
3-7
4.8
3-8

4-4
5-3
6.2

7-5
6.2

4-8
5.6
6 6

55
80

loo 8 8
Air (check) 6.9

TABLE VIII

Reduced catalase activity in oxygen treated seeds with
decrease in percentage of oxygen

Lot
Oxygen in cc. uBERATto during

I min. 5 min. lo mm.

2.8
2

5.0 6.0
C T 6.12. .

2.8 5.0
2.8 «.c

5-8
5-6
6.0Air (check)

fc

<
+

%^ %/

activity, at the ninety-fifth day, for the seeds that were exposed

to 100 per cent O^ during the first 45 days. None
germmated

ATURE.—̂No

the juniper seeds to the extent that temperature did. Both

alternating and constant temperatures ranging from rS-30'' C.

the

moist

gave about i per cent germination. Those subjected to a tem-

perature of 10-12° C. in running water showed a steady increase

of catalase activity up to the time of germination. Between the
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fourth and sixth month the germination reached lo per cent, a

very marked increase over that obtained at the higher tempera-

tures. When the temperature of the water rose much above 12*^ C.

germination ceased. These results show that the increased germina-

tion was not due to the removal of inhibiting substances from the

\^
coat, but to the effect of the low constant temperature.

Although many observers (11, 20, 29, 30) have reported a for-

cing action for freezing and freezing with thawing, these results show

that when freezing really occurs it is very injurious. On March 14,

191 9, 1000 air-dry seeds and 1000 moist seeds were placed at a

constant temperature of —23^ C; and 1000 air-dry and 1000 moist

seeds were subjected to an alternation of temperature between

23° and 10° C. The latter seeds were left at each temperature

for one week. Aftef 45, 95, and 150 days of exposure samples

were removed for study. The catalase activity of these seeds for

45 and 95 days is given in table IX. The catalase activity of seeds

stored dry at —23*^ C. equaled that of untreated seeds, while that

of seeds stored wet at —23° C. and wet or dry at the alternating

temperature showed a marked decrease. There was no change in

the oxidase or peroxidase activity. The seeds s.tored dry at

23® C. showed no increase of H+ ion or titratable acid over that

of the untreated seed. All other seeds showed a slight increase of

sugar content and of H+ ion concentration; also a 40 per cent gain

of titratable acid. Both embryo and endosperm of these seeds,

stored at the alternating temperatures, had the same H+ ion con-

centration. The fats in these seeds were very soluble, not charac-

teristic, and diffused throughout the endosperm and embryo.

This general diffusion of the fats and the equal H+ ion concentration

for the embryo and endosperm indicate that the membranes had

become more permeable by freezing (16). On staining these seeds

with methylene blue they appeared to be dead. Samples of all

seeds were put under favorable conditions for after-ripening and

germination, but only the seeds that were stored dry at —23° C.

after-ripened and germinated. These results prove that these low

temperatures are very injurious unless the seeds are dry. It is

probable that seeds stored at this low constant temperature and

protected from moisture would retain their viability many years.
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The temperature betw 23'' and 10° C. kills

moist Juniperus seeds very soon, and in

upon as a forcing agent.

moist seeds was subjected to a temperature of

5

5°C.

ng temperature

temperature fo

5 and

TABLE IX

EpfECX of TEMPERATCTREON' CATALASEACTIV'ITY OF JXJNIPER SEEDS (nO. Io)

Material and treatment

Condition

Weight
in gm. Temperature "C.

Oa IN CC. LIBERATED DURING

I min. 5 mm. 10 mm

Total loss or
gain over

THAT
OPDRY

SEEDS (CC.)

Dry
Dry
Wet
Dry
Wet
Wet
Wet
Wet
Wet
Wet
Wet

Stored 45 days

0.02s
0.025
0.026
0.023
0.026
0.025
0.025
0.026
0.026
0.026
0.026

-23
-23
—23 and
—23 and
— 5

o
—5 and

+ 5
+ 10

+ 25

+ 10*

+ 10*

+ 5

2.6 S-4 5-

2-5 5-4 5-

2.4 S-o 5-

2.2 4-9 5-

1.6 3.2 3-

3-0 5-1 S-

3-0 6.0 6.

35 6.8 7.

3-6 7-5 9-

35 6.6 7.

3.0 6.2 6.

8

7

S

4
6

8

S
o

o
9

—0.1
-0.3
-0.4
—2.2

0.0
+0.7
+ 1.2

+3-3
+1.2
+ 1.1

Stored p5 days
\-

Dry
Wet
Dry
Wet
Wet
Wet
Wet
Wet
Wet
Wet

0.023
0,023
0.026
0.025
0.025
0.025
0.026
0.026
0.026
0.026

-23
-23
—23 and +10*
—23 and -j-io*

" 5
o

— 5 and + 5*

+ S
-f-io

+25

1

2.3 S-S
2.4 5-1
2.0 4.2
I.O 2.S

30 6.4

3-4
3-8
S-o
3-9
2.8

7.0
8.0
9.1
8.2

5-5

5-8

S-7
S-o
3-1

6.S
8.0

9.0
12.0

9-2
6.0

0.0
—0.1
-0.8
-2.7
+0.7
+2.2
+3-2
+ 6.2

+3-4
+0.2

Weekly alternated between the two temperatures.

time the catalase activity of these seeds

45 and 95 days exposure. The lot stored at -S^'C. showed

scarcely any increase of catalase activity, while the lot exposed to

Both lots appeared

condition. There

The first showed

the alternating temperature was more ac

morphologically and physiologically in good

accum
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no germinatioiij but some of the latter germinated after about

6 months. While exposure to —5^ C. was not sufficient to injure

the ungerminated seeds, it proved fatal to the germinated seeds.

This is due to the fact that when the coat splits open the endosperm

and embryo just doubles its water content and thereby dilutes the

cell sap to a degree which permits ice crystals to form. Seeds at
m

this period and later periods of development were killed by expos-

ure to —5° C. for seven days or less. The after-ripening and gain

in catalase activity was a little more than enough to account for

the sum of the effect at- 5° C. These results show that the alterna-

tion of temperature between —5"^ and 5° C. had slight forcing

action. This forcing action is equal to that obtained by keeping

seeds in running water at 10° C. It is also evident that seeds ready

•to germinate should not be subjected to —5° C.

The early changes taking place in seeds put to germinate at

0=*= 1° C. were similar to those at 5° C. except for being retarded.

At this temperature the increase in catalase activity was very

much retarded, although it was over 3 times that gained by seeds

stored at —5^ C. per unit time. These seeds were studied as to

storage material, H"*" ion concentration, and permeability, and

found in good condition. The Juniperns seeds not only after-

ripened but germinated at o^i°C., even though it required 5

or 6 months.

Moist seeds were placed at 5° C. for germination. At this

temperature the catalase activity increased most rapidly. The

physiological changes occurring in the seed at 5° C. were most
r

rapid, and will be discussed in detail under changes preparatory to

germination. This constant temperature of 5^ C. also gave rise

to by far the largest percentage of germination, and the most

vigorous seedlings.

It is evident from these germination experiments that: (i) tem-

peratures above 10° C. and below o^ C. are not favorable for after-

ripening and germination; (2) no one of the forcing agents as

used was of value in germination; (3) the inclosing structures do

not inhibit germination; (4) but the inhibiting conditions are

to be found in the endosperm and embryo. These facts indicate

that the juniper seed has a dormant embryo that must go through
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fundamental changes before germination man\
points of attack that are suggested by these experiments two were

chosen: (i) changes preparatory to germination, and (2) means
of shortening the after-ripening period.

canoes p«pa,a.„..o gemination

These are the changes that occur in the seeds stored at 5^ C.

hich prepare them for germination. As the embryo of the dry

seed is morphologically complete, increases very little in size, and
shows only the transformation of cell contents^ these processes

could be spoken of as "foregermination'^; but as this term has

not been used in this country these processes will be referred to as
h m

after-ripening. The first point studied was the imbibition of

water.

TABLE X
Showing percentage absorption of water

(seeds dried at 105° C. FOR MOISTUREDETERMINATION)

Material

Entire seed
Endosperm and embryo coats

off during imbibition
^-ndosperm and embryo coats

on during i mbibition

Percentage
water Weight

1

Weight after submergence : for hours indicated

3

!

1

4 8 16 24

2.42

0.37

72 96 120 360

7.00

7x9

7 IQ

2.0018

0.290
1

1

2. 16 2.37 3.40 2.41 2.42

0.38

2-43

0.37S

2.42

0.37

1

2-39

# *y —• —v
1

Percent-
age water

at
maximum
imbibition

23.22

28.94

24.84

X
submerged in water. In examining the

to

tables given by Lakon for the water absorption of seeds of Pmz^5,

it was noted that he incidentally obtained similar results. To
more

filter paper at 5° C, and at times samples were selected, coats

removed, and the percentage of water in the seed, exclusive of
r

,

coat, determined. Table XI gives these results and the per-

centage of water in the seedlings as well. It should be noted that

the water content of the seed decreased gradually until germination,

when there appeared a very marked increase up to the time of the

developed seedling. This percentage of water seems to be related

to the change in the water absorbing power of seed contents, and
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not to changes in the permeability of the coat, as later experiments
I

show. '

Table XII gives the changes of H+ ion concentration as P

values for the endosperm and different parts of the embryo during

storage at 5° C. The outer cells of the embryo and its hjpocotyl

were the first parts to show an increased H"^ ion concentration.

TABLE XI

Percentage of water in seeds taken from coats after

different periods of exposure to 5° c.

Seeds

Dry.
After
After
After
After
After

5 days at 5'

15 days at 5'

30 days at 5'

60 days at 5'

90 days at 5'

After 100 days at 5'

After 130 days at 5'

C...
c.
c
c
c
C. (coat splitting open) . .

.'

C. (seedlings 25 mm. long)

Percentage water

7.19
24.84
23-34
23,09
23.00
23.21

52.64
88. 38

TABLE XII

H+ION CONCENTRATIONOF SEEDSDURINGAFTER-RIPENING*

Condition

1

1

1

Part of seed

Dry
1^

Endosperm
EmbryoDry

After 30 days at 5° C Endosperm
Embryo
Endosperm
Embryo

After so days at ^° C
After 60 days at 5° C
After 60 days at =;*^ C
After go days at s*^ C Embr>^o hj'pocotyl

Endosperm
Embryo outer cells and hypocotyl
Embr\'o inner cells

After 90 days at 5^ C
After 00 days at s*^ C
After 90 days at 5 C

1

^^^^^^^ ^^w ^^T -^^^ ^^'•^~^ ^^^ r ^-^~ ^^^ ^^« ^^& ^^K ^^L ^^^V ^^B ^^^V ^^^r ^^V^^V ^^h^F

p
II

4.4-6.0
8.4-S.8
4.6-5-2
6.8-7-6
4.4-6.0
6.8-7.6
6 .

0-6 .

8

4
4

4

4-

4-

6-

5-2
5-2
6.0

ri
^

* These determinations were made with the Clark and Lubs indicators.

The embryo showed a marked increase of H"'" ion concentration dur-

ing after-ripening, while the endosperm with Ph value of 4.4 (con-

centration of H"*" ions XN= o . 72 X lo""'*), being aheady acid, showed

very little change. This may indicate that the embryo is the

principal seat of dormancy. Table XIII gives the increase of

titratable acid in the endosperm and embryo during after-ripenin

The increased acid was determined by titrating with N/50 NaOH,
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using phenolphthalein as the indicator. To show that this increased

acid content is real the calculated dry weight of the seed material

used is given.

The fat of the dry seeds is stored as very large globules, con-

trary to the statements of Czapek, which divide and become
continually smaller as after-ripening goes on. Just preceding

germination these fat globules, in the active growing cells, become
reduced to microscopic size, although Czapek states that the micro-

scopically divided fat of dry seeds collects into globules with early

TABLE XIII

Increase of titratable acid in endosperm and embryo

Condition

\ -

Diy
Dry
Dry
Dry ....;
After IS days at 5° C
After 30 days at 5"* C
After 30 days at 5° C
After 60 days at 5" C
After 60 days at 5° C
After 95 days at 5° C
After 95 days at 5° C
Open seeds
Hypocotyl 2 mm. . .

.

Seedlings

Seedlings

80
160
80
80
80
80
80
80
80
80
80
80
80
80
80

Dry weight in gm.

0.165
0.348
0.160
o. 164

0.163
0.172
0.172
0.169
0,167
0,157
0.163
0.189
O.T95
0.2TO
0.204

N/50 NaOHin cc.

Increased acid per
unit volume of

water

0.56

I-2S
O.S3
O.S5
O.S7
0.58
0.60
0.70
0.70

0.8s
0.90
150
2.60
8.00
8.00

0.0254
0.0989

o . 0866

0.0685

0.0564
0,1426
0.1615

0.1865
pr ^HiLir.

growth This disDersion of the fattv material brincrs

many

from

more

Such a dis-

: fats, thus

The importance of

4

materially aiding the transformation of fats tc

the accumulation of energy for germination.

making the fats more capable of transformation to carbohydrates

should not be overlooked. It is also probable that this dispersion

reaches a degree of division where it could aid in the translocation

of fats as such. Thus highly dispersed fatty material would be

carried through the cell walls at points of protoplasmic connection.
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Early during the process of after-ripening there was a slight

decrease in the fat content of the endosperm cells surrounding the

embryo. The most rapid disappearance of fat occurred in the

hypocotyl end of the endosperm at approximately the ninety-fifth

day. This rapid decrease of fat was accompanied by an increase

in the sugar content of the adjoining hypocotyl cells. This was the

first noticeable increase of sugar during after-ripening. At this time

the coat splits open, probably partly due to the increased osmotic

pressure of the newly synthesized sugar. With these changes the

first detectable starch was found. It increased very rapidly in

these cells, until they seemed to be completely packed. Traces of

starch appeared in the cotyledons and they soon became green, a

point to be taken up later. Thus during the preparation for

germination the stored fat was transformed into carbohydrates.

Not all the fat is changed directly into carbohydrates. Under

certain conditions it seems to be changed into forms more capable

of translocation and used to synthesize other compounds, or even

stored again. It seems that a large part of the food material of

these seeds during after- ripening, germination, and the develop-

ment of the seedling is translocated in this form.

Amino acids appear in both ungerminated (dry) and germi-

nated seeds. Table XIV gives the amino acids found in these

seeds, as well as a rough estimate of their quantities. The his-

tidine in the endosperm was used up completely during the after-

ripening.

Table XV gives the changes occurring in the proteins of Juni-

periis seeds during germination as indicated by color reaction.

These results show that soluble proteins increased during after-

ripening. It was also shown that the proteins were hydrolyzed dur-

ing after-ripening by the determination of amino nitrogen and the

formal titration. Table XVI gives the results of the Van Slyke

determination for amino acids. This table shows that the 5 minute

reaction period was too short, which indicates the presence of amino

acids with other than a-amino groups. The arglnine found would

account for the increase under 30 minutes reaction. These figures

prove that there was a marked hydrolysis of the proteins during

after-ripening, as well as during germination and the development of
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seedlings. As this protein digestion goes on, the number of free

amino groups increases because of the splitting amino-carboxyl
linkings. When hydrogen of the free amino group is replaced by

Amino acids

Histidine.

Tyrosine.

.

Tyrosine.

.

Tyrosine.

.

Cystine. ,

Leucine.

.

Arginine .

.

TABLE XIV

Tests for amino acids in jxtniper seeds

Crystalli-
zation

+

+
+
+
+
4-

Color reactions

Ehrlich's diazo

Ehrlich's diazo

Millons
Xanthroproteic
Sulphur reduction

Amount of amino acids in

Dry seeds

Endospermi Embryo

After-ripened seeds

Endosperm Embryo

+
+
+
+

+

TABLE XV
Changes in stored protein food during germination

Reactions

t

\

Xanthroproteic
Berlin blue. . .

.

Dry seeds

Endosperm

+

Embryo

++
?

Hj-pocoty!

+++
++

?

After-ripened seeds

Endosperm Embryo

+
++

+++
+

-I-

++

Hypocotyl

++
+
+

Increase

TABLE XVI

AMINO NITROGENDURING AFTER-RIPENING AND GERMIN.

Condition of seed material

Dry or resting
Coats bursted after loo days
^ats^c

, :.
nypocotyl 3 mm. long or after

los days at 5** C
Developed seedling or after

i3odaysat5^C.
^ry or resting
Coats bursted after loo days

at s*'C...,,.. -....,,
Hypocotyl 3 mm*long Vr'afVer

ro5 days at 5*C
Developed seedling or after

ijo days at 5** C

Time of
reaction

(min.)

5

S

5
30

30

N (cc.)

0.25

O.S9

Z1. 41
o

0.84

1-07

Tempera-
ture

23.2

24-7

24s

24. S
23.3

34.2

24. s

2S-2

Pressure
(mm.)

753-2

7S0.8

7SI-0

751.3
753.

2

750.7

750.7

7S0.7

Nitrogen
obtained

0.138

0.274

0.324

0.775

0.462

0,642

1.078

Amino acid
as percentage
of dry weight

0.03S

0,270

0.275

o.92r
0.056

0.279

o.aSo

0.93s
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methylene^ the basicity becomes reduced; and the substituted

acid can then be titrated with sodium hydrate as a measure

of protein hydrolysis. Titrations' made on a second lot of seeds

according to the Sorensen method gave results similar to the

Van Slyke determinations.

The growth in these seeds occurring before germination is very

meager. There is no morphological change in endosperm or

embryo, although the latter increased slightly in length. After

the appearance of sugar the hypocotyl exerts a forward pressure,

separating the sides of the swelling cap which forces the coat open.

At this moment the cap is under so much pressure that it is dis-

torted, and a sharp angle is formed between its end and sides. The

growth following this stage will be discussed later.

Respiration of

TABLE XVII

XT DIFFERENT PERIODS OF DEVELOPMENTAT 25° C
(7CC. volume)

Condition of seeds

Dry..
After
After
After
After
After
After

5 days at s** C.
30 days at 5° C.
60 days at 5** C.
90 days at s** C.
ICX3 days at 5° C.

130 days at 5*= C.

No.
' Green

weight
Days Percentage

COa
Percen tage
CO.+Oa

Percentage
Oa used

CO,
Oa

Mgm. COi
per hour
per gm.

500 1.250 S X.18 20.82 1.57 0.76 0.00098
50 0.I2S z 3. IS 20.39 3-77 0.84 0.T311
10 0.030 3 3.78 20.82 3.98 0.94 0.218
10 0.027 3 3.80 20.70 3.90 0.97 0.2352
10 0.028 3 3.80 20.68 3.90

i

0.97 0.2354
10 0.02S 3 4.10 20.00 6.00 1

0.68 0. 2486
10 0.099 I Q.30 20.56 9.74 0.9s 0.4890

Mgm. 0»
per hour
per gm.

O.OOII
0.1347
0.1976
0.2151
0.2075
0.3192
0.4398

Table XVII gives the results of the respiration experiments

obtained by the use of the Bonnier and Mangin apparatus. There

was a great increase in the respiratory intensity during the first

5 days and after the seeds split open. These are the periods when

the seed increased in water content. There was a very slow increase

in the respiratory intensity during after-ripening, even though the

water content decreased. The respiration quotient increased

very slightly during after-ripening, but decreased to a minimum
at germination. Not only does this low respiratory quotient of

0.68 indicate the time of intense fat metabolism, but at this par-

ticular period it was found that the fats were being transformed

into carbohydrates. It would be interesting to know this quotient

at 5° C, as it would probably be much lower. After germination
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the seedlings gradually attained the ratio i:i. This rise in the
respiratory quotient was probably due to the oxidation of carbo-

hydrates and the more intense respiration of the seedlings.

Table XVIII gives the results of intramolecular respiration.

The method used was that of Nicolas (26). The point to be

ow i/N ratio (the intramolecul

by the normal respiration) for tl

more generally present than oxi

/itv determinations were made v

Q

apparatus. These results showed that there was no appreciable

increase of oxidase activity until after germination.

TABLE XVIII

Intramolecular respiration of jl^^iper. seeds, xo. io, ax 25^ C. (7cc. volume)

Condition of seeds

After 30 days at 5° C
After 90 days at 5° C
After 100 days at 5° C
After 130 days at 5" C

Weight Days Percentage CO2

0.030
0.028
0.028
0,099

3

3

3
I

1.70
1 .67

1.66

0-9S

i/N ratio

0.44
0,43
0.40
O.IO

The results of catalase determinations are given in table IX,

which gives the average of a great number of experiments. It was

found that (i) when seeds were placed under ordinary germination

conditions at 5"* C. the increase of catalase activity gave a measure

of the after- ripening; (2) the gain in catalase activity above that

of air-dry seeds was greatest at 5° C. in a germinator; (3) the gain

at the other temperatures was slow at best; and (4) seeds soon

lose their catalase activity when in a germinator at temperatures

above 25'' C. The precautions used in the catalase determinations

have been stated.

Crocker (6) speaks of the rise in vigor of seeds, as shown by

their resistance to fungal attack, during after-ripening. The

juniper seed is protected against fungi before germination by the

heavy lignin coat. It was found that juniper seeds which had not

been after-ripened succumbed to fungal growths with the

remov of the coats. Afte juniper seeds, however,

when freed from the coats, withstood dense fungal growths.
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Many such experiments indicate that the vigor and resistance of

the seed to fungi increased greatly during the after-ripening process.

These results prove that the juniper seed has a dormant embryo

that goes through certain definite and well defined fundamental

chemical and physical changes before germination can occur.

Some changes occur also in the endosperm. '

Shortening after- ripening period at 5"" C. —The after-

ripening period was shortened considerably by the constant

temperature of 5*^ C, as has been shown, but attempts to shorten

further this after-ripening period at 5*^ C, seemed to meet with

difficulties. Guppy's (15) method of forcing seeds to germinate

by placing the soft pre-resting seeds (caught before going into the

rest period) at 20*^ C. was tested. None of these seeds germinated,

and it is evident that the juniper seed must pass through a more

less definite rest_and_iLfter-ripening period s This period was

not shortened by the removal of the seed coats. Eckerson (10)

states that dilute acids greatly shorten the after-ripening period of

the hawthorn. Dilutions of HCl between N/ioo and N/3200 had

no effect upon the juniper seed. Neither sugar, enzyme, nor vitamine

solutions shortened this period. Hydrogen peroxide gave no results.

In the treatment with different percentages of oxygen, it was found

that the catalase activity increased slightly with increased oxygen

pressure, and that the germination was retarded two months.

Seeds were treated with different percentages of ether ranging

from 0.C02 to 6.000. As long as these seeds were under the

influence of ether they showed a decrease in catalase activity pro-

portional to the percentage of, ether used. After atmospheric

conditions were restored, all seeds recovered their catalase activity,

but the after- ripening period was lengthened from i to 3 months

depending on the low and higher percentages of ether. If the ether

acted by decreasing the permeability, then it was evidently re versible

,

contrary to the work of Osterhout (27). It is more probable,

however, that the ether acted as a narcotic agent. This is also

shown by the behavior of the seed. Carbon dioxide was used in

concentrations ranging from 0.5 to 100 per cent with a six day

exposure. The higher percentages increased the catalase activity

and shortened slightly the after-ripening period. The action here
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L

was probably due to increased acidulation in the presence of an
abundance of CO
and germination

H
Desiccation

at about the forty-fifth day after being placed in the germinator

be-due to one of the following causes : (i) earlier after-ripening of the

from This ma}'

found to snlit off more

chemical

H+

Discussion
i

Catalase. —The catalase activity, as has been noted by previous

investigators (i, 6), was found to bear some relation to respiration.

Increased catalase activity accompanied the intense respiration of

Juniperus seeds stored in high percentages of oxygen, as decreased

TABLE XIX

Increased catalase activity with pevelopment (figured per unit dry weight)

H^

Condition of seeds

Oxygen" in cc. liberated during

m

Air dry
,

After 45 days at 5° C
After 95 days at s"" C
After 100 days at 5° C. (coats split)

After 130 days at 5° C. (seedlings).

1 min. 5 min. to min.

2-S 5-4 5-8
3-6 7.5 9.1

S-o 9.1 12.0

5-3 12.2 14.4
10.5 23.1 28.5

1

accom
in low percentages of oxgyen. With the intense respiration at

high ternperatures there was an increased catalase activity, even

though the seeds did not after-ripen or germinate. The highest

most
XIX

The desiccation of seeds to a sHght extent, which makes for a

rapid absorption of oxygen through the coat, increased the catalase

activity. Desiccation to the extent of retarding respiration reduced

XX Both thethe catalase activity. Table

respiration and the catalase activity of seeds were reduced at will
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by submerging them in water. Although increased catalase

activity generally accompanied intense respiration, this relation-

ship did not always hold, for when seeds were submerged a long

time the catalase activity slowly increased, but there was no increase

of respiration intensity. An examination of tables IX and XVII
will show that the catalase gain was proportionally very much
larger than the respiration gain during after-ripening. It will also

be noted that the catalase gain was greatest at 5° C, where the

respiration was low. It is evident, therefore, that there may be

increased catalase activit}" without an increase of respiration.

TABLE XX
Catalase activity of after-ripened and desiccated seeds,

NO. 30 (calculated dry weight 0.0696)

Treatment

Complete imbibition
Slight desiccation. .

.

Strong desiccation.

.

Second imbibition. .

Oa cc. liberated after
10 mill.

33

32

36

Rate and percentage of germination. —̂Juniper seeds

germinate most readily at the low temperature of 5° C. These

seeds germinate, although very slowly^ at o± i° C. They also

germinate at lo"" C. Seeds after-ripened at 5^ C. and then placed

germinated C. After-ripened

dormancv

to temperatures above 12"^ C. Their catalase acti\ity gradually

decreased and germination ceased. After being thrown into

secondary dormancy, several weeks at 5^ C, were required to

after-ripen the seeds again. The seeds which sank in water gave

between 75 and 80 per cent germination at 5'' C,

Growth of seedling.— Table XXI gives the rate and extent

of growth for seedlings exposed to the light or the dark at different

temperatures. All seeds were germinated at 5*^ C. and then trans-

ferred to the different temperatures. The length of the extending

hypocotyl at the time of transfer was o-i mm. The seedlings

grew the longest and fastest at 2$"" C, At 30° C. they never attained
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a normal

growth. im
^as a slow but definite

C, seedlings developed

first and appeared the most healthy and sturdy. seedlings

TABLE XXI

Effect of light and temperature on rate and extent of growth

Temperature

30° c.
25° c.

10° c.
10° c.

i°C.

* m

«

• *

Light

Dark
Dark
Dark
Dark
Light
Dark
Dark
Dark

*Average of 50 trials.

3 days

I

10

4
3

3
2-5
o

Length of hypocotyl ik mm. from time of transfer

J days

5

35
18
10

4

KiUed

II days

7
40
29

30
29
12

13 days 18 days

12

Seedling

35
30
15

3
o

18

60

Seedling

Seedling

26

4
o

26 days

20
Seedling

35
5
o

at 15'' C. also showed the earliest and greatest development of

chlorophyll. Light did not seem to affect unusually the extent or

rate of growth.

Pigments. —Carbohydrates and temperature may condition

chlorophyll

chlorophyll

elopment. The seedling was found to develop

Dtal darkness. Thus the cotyledons become green

long before they break out of the coat. Chlorophyll

accom

points

sary for the formation of chlorophyll, the view advanced by

Palladin (28). Table XXII gives the results of experiments

planned to determine the eflfect of light and temperature on green-

ing. This shows that light affects in no way the rate or apparent

depth of greening. It also shows that at 30° C. and at o^ 1° C.

chlorophyll did not develop. As the plastids were found to be in

good condition, it was thought probable that a lack of building

material Glucose

made
chlorophyll. This indicates that a certain temperature is necessary

for chlorophyll development, regardless of carbohydrate supply,
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O
O

the maximum, optimum, and minimum temperatures for chloro-

phyll formation in the seedlings being represented by temperatures

somewhat below 30, 15, and somewhat above 0° C.

Seedlings grown at o=fc= i*^ C. developed anthocyanin, while those

grown at 30^ C. developed xanthophyll. Whencultures at o=±= i^ C.

were supplied with glucose they developed more anthocyanin.

The seedlings grown at 30"" C. were

by the addition of glucose. From
made

edlings form

TABLE XXII

Effect of light and temperature on DEVELOPiiENT or chloeophyll*

Temperature Light

Estimated percentage of color after transfer

I day

30° c
25° c
i5:c
10° C
10° C Dark
s^c. ....

sic
i°C
i°C

Light
Light
Light
Light

Light
Dark
Light
Dark

4 days 6 days

5

5

5

S

25

25

25

25

8 day s 1 1 days 13 days I 1 8 days

50

SO

50
75

75

75

S

S

o
SO
75

o

65

SO

26 days so days

O
o

Average of 50 trials.

supply. Seedlings with little sugar tend to develop xanthophyll^

those with more sugar chlorophyll^ and those with an abundance

of sugar anthocyanin.

Practical application. —The foregoing experiments make it

possible to devise an outline for the practical production of juniper

plants* This should be of interest to growers, since it has furnished

a means of increasing many fold the percentage of germination and

of developed seedlings. After collection, the seeds arc freed from

the berries, sorted, and sterilized as has been described. The seeds

are then put into Petri dishes or covered flat vessels on filter paper

supported by wet cotton. These vessels of seeds are kept at a

constant temperature of about 5*^ C. (41° F.) for after-ripening,

which takes about 100 days. This after-ripening period can be

shortened 10 days by drying slightly and moistening again the

seeds at about the forty-fifth day. When the coats have split
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open and the hypocotyls are \ in, long, the seedlings are trans-

ferred to pans or beds of leaf mold and sand kept at if C. (60'' F.).

In no case should ungerminated seeds (seeds that have not split

open and developed a short hypocotyl) be transferred from the

germinator at 5° C. (41'' F.)- The germinated seeds,^ after being

transferred to beds or pans, should be protected by glass plates
I

and paper for the first few days.
'

Although these seeds have been germinating during every

month of the year, advantage can be taken of the temperature con-

ditions by placing them in the germinator about January. The

importance of this after-ripening and germination at 5^ C. cannot

be 6veremphasized.
'

'

4 h

\

Summary

I. The termination of non-after-ripened Juniper seeds under

<^dinary conditions is very low, amounting to i per tent.

2. These seeds are protected by a semipermeable and thick

coat which makes up 75 per cent by weight of the entire seed.

Acids enter very slowly, while bases, silver and mercury salts,

enter rapidly. While the coat serves as a protection against

imbibed seeds from

ruptu

takes little or no part in the dormancy or after-ripening of the

seed.

form

and proteins, with traces of glucose but no starch. The rest-

has a Ph value of about 5, while that of theerm

mbryo is about 8.

4. Although some forcing agents changed the respiration and

catalase activity of seeds, it was not possible to force the germina-

tion of non-after-ripening juniper seeds by high temperature,

alternating temperature, wounding, warm bath, dr>^ air, removal of

coats, treatment with hydrogen peroxide, mercuric chloride, ether,

carbon dioxide, oxygen, light, soil, diluteacids, dilute bases, nitrates,

suphates, or strong acids.

5. Freezing and thawing as such has no forcing action on the

;ermmation

marked
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I

i

seed, but these changes, as has been outlined, are quite different

from those occurring during after-ripening. Seeds ready to

germinate (after the coat is cracked and their water content

increased to 52 per cent) are killed by an exposure to —5° C.

6, The juniper seed has a dormant embryo that must after-

ipen before germination. After-ripening occurs at temperatures

between o± i^ C. and lo"^ C, although fastest at about 5"" C.

"^T^, The changes that accompany after-ripening of the juniper

seed at 5° C, were found to be as follows: (i) rather rapid and com-

plete imbibition, followed by a steady slow decrease in water con-

/tent during after-ripening or until near germination; (2) increased

H+ ion concentration, especially of the embryo; (3) an increment

of titratable acid
; (4) a steady and enormous increase in the degree

of dispersion of the stored fat; (5) decrease in the amount of stored
r

fat and protein, with an increase of sugar content and the first

appearance of starch; (6) the translocation of food in the form of

fat or fatty acids from endosperm to embryo; (7) a seven- fold

increase In the amino acid content, and a complete disappearance

of histidine from the endosperm; (8) an increase of soluble proteins,

with a marked hydrolysis of the stored proteins: (9) slight growth

of embryo; (to) very slight increase of the respiration intensity;

(11) increased respiratory quotient; (12) decreased intramolecular

respiration; (13) a doubling of the catalase activity; and (14) the

rise in vigor of seeds as shown by their resistance to fungal attack.

8. In conjunction with after-ripening at 5*^ C, desiccation seems

'to be the only promising means of shortening this after-ripening

eriod,

9. The time at which the hypocotyl breaks through the nucel-

lus was fixed as the end of after-ripening and the beginning of

germination.

^ 10. Neither the resting nor the after-ripened juniper seeds

yield more than about i per cent germination at temperatures

above 15° C. Seeds after-ripened at 5° C, then placed at 10^ C,
germinate slower than those left at 5^ C. When after-ripened

seeds are transferred from 5° C. to temperatures above 15^ C. they

are thrown into a state of secondary dormancy. Hence these

seeds require a low temperature for germination as well as for

after- ripening, and therefore no seed should be transferred to
\



'921] ',, PACK—JUNIPERVS 59

tures until germination has started. If these seeds

sufficient ±i°C.
II. Subsequent to after- ripening and germination at 5° C, the

(best temperature for seedling development is 15° C.

A2. The development of chlorophyll in the juniper seed and
^eedling was found to be independent of light, but conditioned

by the temperature range. Seedlings grown at temperatures of

o =*^ 1° C. or 30° C. never developed chlorophyll, Anthocyanin

development in seedlings seems to depend upon relative tempera-

ture and carbohydrate supply.

t3. A more complete chemical analysis of these seeds at differ-

ent stages of development will be given in a later paper.
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